Mode shifting is the technique used at the third generation synchrotron light source ELETTRA to cure Coupled Bunch Instabilities (CBI). Temperature tuning of the RF cavities, based on an analytical prediction algorithm, allows longitudinal stable operating conditions to be obtained. However, once longitudinal stability has been achieved transverse instabilities can be observed, particularly during the energy ramp from 1.0 to 2.0 GeV.
CURING CBI BY HOM SHIFTING
The technique of curing CBI by shifting the frequency of the Higher Order Modes (HOM) of the RF cavities can be an interesting solution, particularly for high energy and compact storage rings. At ELETTRA the distribution of the Coupled Bunch Modes (CBM) and their growth rates have been calculated as a function of cavity temperature [l] , [ 2 ] . This allows a quite flexible operation of the storage ring, with the possibility of a lifetime increase by controlled use of CBI which lengthen the bunch [3] . Characterisation of the excitation of Low Frequency Oscillations for different levels of CBI has also been possible [4] . Secondary effects on the RF cavities like cross-talk between cavities, cavity temperature oscillation and spurious vacuum interlocks could be observed and understood [5] .
Mode shifting by temperature tuning
Cavity temperature intervals where the growth rates of all CBM are below the radiation damping level, which is a conservative condition to achieve stability, are more easily available if : the radiation damping time is short; the width of the temperature interval where a cavity HOM doesn't drive any unstable CBM is large; the number of HOMs one has to deal with is small; the temperature tuning range of the cavity is wide The first two conditions are more easily met by small, high energy rings. The RF cavities should not be provided with any HOM damping system, so that the HOM resonances are still sharp, high Q resonances. The experience at ELETTRA shows that the number of modes one has to deal with does not exce:ed about ten for the longitudinal case and ten for the transverse case (considering the double polarisation for the dipole modes). A cavity temperature tuning range of about 30 "C, as used in ELETTRA, is usually large enough to provide stable temperature windows. However, even a small bandwidth HOM can be unstable over a wide teimperature range, if its temperature coefficient z is low. Then the temperature tuning method can fail. This was the case for the first longitudinal mode, L1, of the ELETTRA cavity named S3. The solution was to shift L1 out from the temperature range, by installing a fixed HOMFS [2] .
Needfor afurther degree offreedom
Following the installation of the fixed HOMFS, longitudinal stable intervals could lbe found. Transverse effects then became evident, particularly during the energy ramping from 1.0 to 2.0 GeV, when the beam begins to stabilize longitudinally, while it is still quite sensitive in the transverse plane, due to the lower natural damping available. The origin of these effects could be identified with the horizontal CBM 318, excited by the third dipole mode in cavity S9 [5] . At the same time there were still problems with cavity S3, where the largest stable longitudinal interval showed again a transverse CBM excited, as can be seen in fig. 1 and 2 . The other stable interval, towards 70 "C, resulted smaller than expected in [2], due to difficulties in measuring the frequency of HOM L5, whose actual position in temperature was a couple of degrees lower than expected. This shows the need for an additional degree of freedom to effectively cure CBI by mode shifting in ELETTRA. An adjustable HOMFS could give more flexibility in getting stable longitudinal working points, not affected by transverse effects, also in view of a beam current increase. 
10000.
5 0 0 0 .
2000.

1000.
500.
200.
l/tau
Cavity S3 Temperature 
THE ADJUSTABLE HOMFS
I Longitudinal modes
The adjustable HOMFS is installed on one of the three equatorial ports available on the ELETTRA cavity. It is a copper cylinder of 8 1 mm diameter, driven by a stepping motor. The range goes from 0 to 34 mm; at its deepest position, +34 mm, it enters 10 mm inside the cavity. The frequency shifts introduced by the HOMFS itself, AfHFS, depend on the intensity of the field of the specific HOM in the equatorial region of the cavity. For many of the considered HOMs, this field is quite low in that region, as it can be seen from a simulation with URMEL. The second column of There is however a second contribution to the frequency shift generated on the HOMs. This comes from the external tuning cage, acting on the axial length of the cavity to recover the frequency shift AfHFSLo caused by the HOMFS on the fundamental mode, LO. The total frequency shift on the HOMs, Aftot, is therefore given by Aftot = A~HFS -'Pk AfHFSLo . 4 shows that only mode L3 is little affected by the HOMFS. This is not a problem since it is only unstable in a small temperature interval. Further this is the mode q k is the HOM frequency shift corresponding to a unitary frequency change of LO by the axial tuning cage, as defined and listed in [5] for all HOMs. The third column in table 1 shows the total frequency shifts for the longitudinal modes when the HOMFS is at the +34 mm position. The mapping of the total frequency shifts versus the most significant range of the HOMFS is shown in fig. 3 . If AfHFS and q k are opposite in sign, the corresponding mode shows an increased frequency shift. This is particularly important for mode L1, for which the frequency shift is now more than doubled. The shift on L9 becomes quite impressive due to the large value of qk. On the contrary the shift on L3 is now reduced, since the effect of the tuning cage is opposite to that of the HOMFS. Finally the effect which is of interest for the mode shifting technique is the equivalent shift in temperature for any CBM excited by one of the considered HOM. It can be calculated as Thanks to the lowest temperature coefficient zk, the effect on HOM L1 results fairly large in temperature. Any position beyond 20 mm is sufficient to shift out the mode L1 from the temperature range of the cavity.
which is used to introduce a reduced longitudinal excitation to increase the lifetime in the relaxed operation of the machine.
Transverse modes
For the transverse modes the installation of the adjustable HOMFS on cavity S3 results in the temperature shifts shown in fig. 5 for the relevant modes. The transverse mode T2a results to be the only one which is almost untouched by the HOMFS, having almost zero field in the equatorial region and also (~l-42~ = 0.0. Also T3b is little affected by the HOMFS. Both are strong impedance modes, but due to the low temperature coefficient (-13.5 kHz/"C for T2a, -16.1 kHz/"C for T3b) the temperature interval between the interactions of those HOMs with two adjacent CBMs is large (60-70 "C).
IMPROVEMENTS ON THE MACHINE
The installation of the adjustable HOMFS on cavity S9 in September 96 eliminates the problems during energy ramping, as described in [6] . Furthermore, for users' operation, the controlled excitation of the longitudinal mode L3 can be done in a more selective way, without need of adjustments for different beam current intensities. In February 97 the second adjustable HOMFS has been installed on cavity S3 to replace the fixed version. The improvement is clearly shown in fig. 6 and fig. 7 , where the CBM excitation for the longitudinal and transverse horizontal case is drawn. They are computed for 2.0 GeV, 250 mA, with the present position of the HOMFS, +27 mm. Now a large stable window exists for longitudinal CBMs in the 70 "C temperature region of cavity S3 ( fig.  6 ). At the same time fig. 7 shows that this temperature region is free of interactions with the horizontal spectrum (Qx = 14.300).
CONCLUSIONS
A significant improvement in the mode shifting technique to cure CBIs has been obtained after installing two adjustable HOMFS. Transverse effects during the energy ramping are no more observed. Larger stable intervals in the longitudinal plane allow a more flexible and selective operation of the machine. Further installation of adjustable HOMFS on the other two cavities is foreseen in the near future, also in view of a beam current increase. 
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